Introduction: Badminton is a sport, which requires great body endurance and agility. Musculoskeletal injury will affect an athlete's endurance and agility, hindering their performance. Thus athletes, which rarely experience musculoskeletal injury will have greater endurance and agility. Method: This study was done cross-sectionally on teenage badminton athletes (n = 26). VO2max was recorded by bleep test and agility was measured by Badminton Agility Test (BAT). Musculoskeletal injury profile was recorded by physical examination and questionnaire given by the researcher. Data were processed on SPSS and the data were analyzed statistically, using Spearman and Pearson correlation test. Result: The study shows that there is no relationship between VO2max and agility (p = 0.079). There is a relationship between VO2max and the occurrence of a musculoskeletal injury profile (p = 0.000). Spearman test shows a strong correlation between VO2max and the occurrence of a musculoskeletal injury profile (r = 0.723). There is a relationship between agility and musculoskeletal injury profile (p = 0.001). Pearson test shows a strong correlation between agility and the occurrence of a musculoskeletal injury profile (r = 0.686). Conclusion: There is a significant relationship between the occurrence of musculoskeletal injury profile with VO2max, and with body agility. However, there is no significant relationship between VO2max and body agility.
Introduction
Badminton is a sport that is played individually or in pairs (singles and doubles), played in a rectangular field and separated by a net between players [1] . The sport have been developing in many ways such as the regulations, number of championships and logistics since the formation of the world badminton federation to this date [2] . Badminton is a sport that has a high-intensity where badminton players have to do a lot of movement in a short time at high speed [3] . Badminton is also an explosive sport, where badminton players must have good basic skills such as speed, agility, explosive strength, muscle strength and muscle endurance [1] .
Agility is the movement of the whole body rapidly with changes in acceleration and direction of movement as a response from a stimulus [4] . On average badminton player has better agility compared with the general population [5] . Badminton players require high agility that is carried out continuously in a short time due to the high intensity of the game. This causes badminton players have to move quickly, effectively and repetitively that require more basic abilities in play, one of which is muscle endurance. Muscle endurance is the ability of muscle to perform repetitive contractions in a certain time interval [1] . One of the factors that influence muscle endurance is the amount of oxygen that can be assessed by VO2max.
VO2max is the maximum volume of oxygen that can be consumed by a person in an activity [6] . Badminton is a sport that requires a fairly high level of VO2max. Results of a badminton athlete's VO2max test falls in the range of 55-62 mL.Kg -1 .min -1 for men and 50-60 mL.Kg -1 .min -1 for women [7] . Both of these capabilities along with other basic capabilities will determine the ability of badminton players. But the basic capabilities required to support the performance of a player in the field is influenced by the fitness of a player.
The fitness of a player can be impaired if the player is injured. The most common injuries in athletes is a musculoskeletal injury [8] . Injuries could be caused by several things such as the duration of the game, the frequency of the game and game equipment. As badminton championships multiplied in numbers so does the game duration and frequency in which the player have to attend. Musculoskeletal injuries will affect the performance of a player, eg reduced agility [9] . Agility requires the muscle and bone condition to be in a good state to be able to perform movements and techniques quickly and efficiently [9] . Muscle injuries, and the injury management will greatly affect on the athletes performance.
Purpose
To know The Correlation between VO2max with Agility and Musculoskeletal Injury Among Teenage Badminton Athletes.
Material and methods
The material of research The number of respondents in the study were 26 people who were athletes in a badminton club, in Bogor. The majority of the group is men (n = 16). Age of respondents are 12-18 years old. All respondents are willing to participate in this study.
The average of VO2max, regardless of sex was 45.33 ± 7.14 mL.Kg-1.min-1. Agility 12.68 ± 1.39 sec. The frequency of occurrence of musculoskeletal injuries is 3.38 ± 1.36 times in the last 6 months.
The method of research VO2max research
Collecting data for VO2max is using the bleep test. Bleep test is a simple test to measure individual VO2max. Bleep tests were carried out in the field and has a 20meter test track. At each end of the test track was laid a marker cone. Respondents will be running from one point to another if they hear a bleep from each stage / level and must reach the mark before the next bleep sound. Respondents finish the bleep test when they failed to reach the mark in time, as much as 3 times in a row. The results of the bleep test will be grouped into Superior, Excellent, Good, Fair, Poor and Very Poor's that has a different range between male and female respondents.
Agility research
The data for agility is procured using Badminton Agility Test (BAT). BAT is an agility test that is specific to the sport of badminton. BAT was held on the badminton court. At the end of the field 6 cone markers has been arranged. Respondents stood at the center of all six of the cone. Respondents will be given instructions to run and touch one of the designated cone and then back again to the beginning position. The test is completed when the respondent has returned to the starting position after touching all six cone.
Musculoskeletal Injury Research Profile
Respondents will be examined by a medical team who has the authority to conduct a physical examination. In addition they are also asked some questions about the history of musculoskeletal injuries in the last 6 months.
Statistical methods
The data will be processed using IBM SPSS Statistics v22 program. First the data will be analyzed using the Shapiro-Wilk test to determine the normality of the data. Then the test will be conducted linearly between variables using one-way ANOVA. The correlation between variables will be tested using the Spearman Test or Pearson Test. The data will be considered correlated if it has a p-value of <0.05 and r values will show how strong the correlation between these variables.
Results
The demographic characteristics of the respondents are presented in Table 1 . In this study, male respondents amounted to 16 people (61.54%) and female respondents were 10 people (37.46%). From the average age showed the average for men is 15.31 ± 1.25 years and for women 14.4 ± 1.84 years. On average male VO2max showed 49.13 ± 4.52 mL.Kg -1 .min -1 and female 39.25 ± 6.38 mL.Kg -1 .min -1 , with the combined average of 45.33 ± 7.14 mL.Kg -1 .min -1 . On average male agility showed 12.07 ± 1.13 sec and female 13.65 ± 1.23 seconds, and when the two groups combined will have an average of 12.68 ± 1.39 sec.
Furthermore, Table 2 shows the results the VO2max tests without distinguishing the sex of the respondent. Test results showed majority of the respondents falls into the category of good, numbered 9 (34.62%), and respondents with category of fair at 23.08% (n = 6), and followed by respondents with the category of excellent 19.23% (n = 5), then respondents with the category of superior 15.38% (n = 4), and last the respondents with the category of poor 7.69% (n = 2). Table 3 shows the distribution of the value of agility tests on respondents, regardless of sex. Unlike VO2max, the value of agility is not classified. So to help the delivery of information for the frequency of agility of the respondents, the authors use a range of 2 seconds. In Table 3 values obtained for groups of under 10 seconds is 3.85% (n = 1), groups between 10 seconds to 12 seconds 30.77% (n = 8), group between 12 to Table 4 shows data on the profile of musculoskeletal injuries shown in the frequency of occurrence of the injury in the last 6 months. In table 4 shows in the last 6 months, 2 respondents had 0-1 injury, 12 respondents had 2-3 injuries, 9 respondents had 4-5 injuries and 3 respondents had more than 5 injuries. The average frequency of injuries that occurred in the last 6 months is as much as 3.38 times.
Table 4. Frequency of Musculoskeletal Injuries in the last 6 months
The correlation between VO2max with agility on juvenile badminton athletes are presented in Table 5 .
Table 5. Correlation between VO2max with agility on juvenile badminton athletes
Agility VO2max
Spearman's correlation P 0.35 0.079
The results of processing the data showed no correlation between VO2max with agility on juvenile badminton athletes (r = 0.35; p> 0.05). The correlation between VO2max with the profile of musculoskeletal injuries in juvenile badminton athletes presented in Table 6 . Spearman's correlation P 0.723 0.000
Injury frequency Frequency (n) Percentage (%)
The results of processing the data show a strong correlation between VO2max with the profile of musculoskeletal injuries in badminton athletes adolescents (r = 0.723; P <0.05).
The correlation between agility with the profile of musculoskeletal injuries in juvenile badminton athletes presented in Table 7 . Table 7 . Correlation between agility with the profile of musculoskeletal injuries in juvenile badminton athletes.
Musculoskeletal Injuries profile Agility
Spearman's correlation P 0.636 0.000
The results of processing the data show a strong correlation between agility with the profile of musculoskeletal injuries in badminton athletes adolescents (r = 0.636; P <0.05).
Discussion
Of the 26 respondents who are studied, there were 12 respondents who had a VO2max with the category of good and agility more than 12 seconds. The results of the analysis of the relationship between VO2max test with agility using Spearman's test shows the results P = 0.079, which means there is no relationship between VO2max with agility on a badminton player.
This result does not correspond to a study conducted by Raymundo [9] and Sathya [10] which states that there is a strong correlation between agility with an athlete's VO2max [9, 10] . However, these results support the research conducted by Kokklu [11] who also mentioned that there are no strong correlation between VO2max with agility [11] . On the results of the study mentioned that agility only have a relationship with a speed that is done by 30 meter sprint test and BMI, whereas VO2max has a relationship with a speed that was performed with 10 and 30 meter sprint test and BMI. However, this result can occur if the beep test and agility tests were performed on the same day, continuously.
Of the 26 respondents who were studied there were 12 respondents who have agility of more than 12 seconds with 3 injuries in the last 6 months. The results of the analysis between agility and frequency of musculoskeletal injuries using Pearson's Test are P = 0.000 r = 0.686, which means there is a significant relationship with a strong correlation between agility with the frequency of occurrence of musculoskeletal injuries in badminton players.
Based on research from Kinet [12] Shadow Test (Badcamp Agility Test) is a specific agility test to assess the agility of a badminton player compared with other sports, therefore the results obtained describe the state of the agility of a badminton player [12] . The results of this research was supported by the research of Liu et al. which states that the results of the agility test of an athlete can describe the risk of injuries incurred in these athletes, especially for non-contact injuries [13] . Results from these studies are also clarified in the study by Lyle which states that a noncontact injuries are often obtained from the abrupt deceleration acceleration and sudden changes in directions of movement [14] . According to a research by Afsharnezhad [15] it is mentioned that agility has a relationship with the injury, but only has a strong relationship with cramp. It added that agility is not an independent predictor for predicting the incidence of injury, it is because there are several factors that affect the agility of an athlete, which is the power, speed, reaction time, neuromuscular coordination and balance [15] . A good adaptation from an athlete in performing sudden acceleration deceleration and change of direction of motion of a sudden can reduce the risk of non-contact injury on the player [14] .
Of the 26 respondents who studied there were 8 respondents who had VO2max with the category of good and frequency of injury of more than 3 times in the last 6 months. The results of the analysis of the relationship between VO2max with the frequency of musculoskeletal injuries using Spearman's Test are P = 0.000 r = 0.723 which means there is a significant relationship with a strong correlation between VO2max with the frequency of musculoskeletal injuries in badminton players.
The results of this study are supported by the research of Hootman [16] which states that there is a strong relationship between cardiorespiratory fitness with the risk of musculoskeletal injuries in an individual [16] . VO2max is an indicator value of endurance, which is a part of cardiorespiratory fitness. This was confirmed by controlling the type of the subject (walking and running), duration, and intensity. The results found a strong relationship which is about 50-74% [16] . Results from these studies are also supported by research conducted by Lisman [17] . In these studies showed that there is a strong relationship between endurance with the occurrence of musculoskeletal injuries, both in men and women, but this study has a disadvantage from 49 research examined, only 8 research which have civilian subjects [17] . In the study conducted by Lisman it is also mentioned that muscle endurance have an intermediate degree of relationship with the occurrence of musculoskeletal injuries [18] .
Conclusions
The average of the value of VO2max from the respondents is 45.33 ± 7.14 mL.Kg -1 .min -1 and the average value of the respondent's agility was 12.68 ± 1.39 sec. The conclusion that can be drawn from this study is that there is a strong correlation between VO2max with the profile of musculoskeletal injuries and there is a strong correlation between agility with the profile of musculoskeletal injuries. On the other hand the research concludes that there is a correlation between VO2max with agility. Researchers also conclude that musculoskeletal injuries can be an indicator of the value of the ability of badminton athletes such as VO2max and agility, but one of the athlete's ability value cannot be used as a reference for determining the value of the ability of other athletes.
